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Introduction 
Successful a f f o r e s t a t i o n is in f luenced by the ecological cond i t ions and also in n o smal l 
degree by t h e mic roc l ima t i c cond i t ions of t h e t e r r i t o r y . W e h a v e shown b y ear l ie r expe r imen t s , 
m o d e o n sapl ings of Sco tch pine g r o w n on te r r i to r ies of d i f f e r e n t mic roc l imat ic cond i t ions , t h a t 
this in f luences can be wel l demons t r a t ed bo th in pheno log ica l a n d phys io log ica l respect (8). 
Fores t ry p r a x i s ha s long a g o recognized the i m p o r t a n c e of ecological inves t iga t ion in connec t ion 
w i t h fores t p l a n t a t i o n , a n d c la ims i t . 
S i n c e t h e f u n d a m e n t a l m i c r o c l i m a t o l g i c a l w o r k o f S o ó , ZÓLYOMI, MAGYAR a n d BACSÓ 
(1, 10, 11, 15) m a n y researchers h a v e t aken u p fo r e s t ry mic roc l ima to log ica l inves t iga t ions in 
Hungary. 
FELFÖLDY (4) engaged ch ie f ly in inves t iga t ion of mic roc l ima t ica l cond i t ions of the g r o u n d 
vege ta t ion of Robinia pseudacacia g roves in t h e Nyírség, HARGITAI (5, 6) in t h a t of d i f f e r e n t 
l o w l a n d a n d h igh land fores ts . WAGNER has i m p r o v e d the mic roc l ima to log ica l research bo th in 
respect to m e t h o d o l o g y and theory , a n d has m a d e successful a t t e m p t s to s epa ra t e and sys temat ize 
t h e mic roc l ima te -a reas . A cons iderable p a r t of h i s e x a m i n a t i o n s concerns l o w l a n d a n d h igh land 
fores ts . 
T h e inves t iga t ions of PAPP a n d BANKI (12, 13, 14) f u r t h e r ch ie f ly the a f f o r e s t a t i o n of 
ba r r en hil lsides as they t a k e i n to cons idera t ion the e n v i r o n m e n t a l cond i t ions , necessary f o r t h e 
sorts of trees to be p l a n t e d . Simi lar e f f o r t s a rc charac te r i s t i c f o r the mic roc l ima to log ica l 
r e sea rchwork of JAKUCS (9), w h o examines n o t on ly the necessary cond i t i ons fo r successful 
p l a n t a t i o n but a l so the i n f luence of microc l imate on m a s s - p r o d u c t i o n of t rees. 
HORANSZKY e n d e a v o u r s to cha rac t e r i ze the mic roc l ima t ica l cond i t i ons in fu l l cross-
section ( f r o m t h e soil to t h e c rowns of t h e trees) . 
CHRONST'S w o r k shows a very i m p o r t a n t d i rec t ion in respect to fo re s t ry . H e invest igates 
the mic roc l imato log ica l cond i t ions of young fores t p l a n t a t i o n s in the f u n c t i o n of the d i f f e r e n t 
ag ro techn ica l m e t h o d s app l i ed . 
ERMICH (3) d r a w s conclusions, wh ich can be gene ra l i zed in respect to the mic roc l ima te of 
woods , c o m p a r i n g w o o d - (ash- t ree — horn-bcan i ) , m e a d o w - (Alopccurctum-) a n d m a r s h -
(Caricetum gracilis) p lan tassoc ia t ions . ( T e m p e r a t u r e of soil a n d a i r , v a p o u r pe rcen tage of a i r , 
connec t ion of m ic roc l ima t e a n d wea the r cond i t ions etc.) 
In our inves t iga t ion p l a n w e set ourselves the task to e x a m i n e t h e ecological cond i t i ons of 
p l an t a t i ons of d i f f e r e n t age a n d d i f f e r e n t combina t ions of genera of trees, in o rde r to m a k e 
: l ea r t h e process of deve lopmen t of the pecul ia r ecologica l speciali t ies of some p l an t a t i ons . 
If the pheno log ica l and physiological cond i t ions a re t aken in to cons ide ra t ion , it is possible to 
choose t h a t w a y of a f f o r e s t a t i o n which seems to be the best fo r the given c o m b i n a t i o n of 
t rees. 
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In the course of this research w o r k w e have p e r f o r m e d mic roc i ima to log ica l i nves t i ga t i ons 
in 1959 o n S e p t e m b e r 7—9, nea r Kam, in Scotch p ine and Black p ine p l a n t a t i o n s . W e a r e n o w 
go ing to give an accoun t of these inves t iga t ions . 
Material and Method 
On the said terri tory there are extensive, about 50 years old Scotch pine 
and Black pine plantations. On the foundat ion of plantsociological investigations 
we presume that on this terr i tory may have been a Querceto-Carpinetum trans-
danubicum forest. (The plantsociological investigations were made by first 
JEANPLONG, to whom I want to express my thanks in this place.) 
The soil of the investigated forests is semiheavy acidical loam. A p a n of 
the woods has been consumed by a forest-f ire at the end of the second wor ld-
war, but was replanted later on. A par t of the younger plantat ion, however, 
became weedy — presumably because the care, taken of it, had not been ad -
equate — therefore we did not extend our investigations to this par t . In the 
course of our investigations we established 4 microclimate-stations: 
in the 50-year-old Scotch pine forest 
in the 8-year-old Scotch pine plantat ion 
in the about 12 m wide cutting through of E W direction 
in the 50-year-old Black pine forest. 
We organized these microclimate stations according to the directions given 
us by W A G N E R (18). The atmospheric thermometers were placed, as the 
levelling and the height of the plant community required. I t is to regretted tha t , 
in consequence of technical problems, the highest air-layers measured were only 
those on the upper crown layer of the trees, but even this meant a height of 12 m. 
Above the crowns of the trees we could not extend our measurings. 
In the course of the investigations we accomplished the fol lowing 
measurings: 
a i r - temperature on 3—6 levels with electric ohm-meters, 
soil-temperature on 4 levels with mercury soil thermometers, 
vapour-content of air on 3 levels with A S M A N N aspiration psychrometers, 
motion of atmosphere with anemometer, 
light on 3—4 levels with selencell-photometers. 
With electric thermometers we registered every 30th minute, with the other 
instruments every hour. 
Figure 1 shows the spacing out of the stations. 
The characterization of the stations is on the base of the plantsociological 
investigations as follows. (The plantsociological observations were made in the 
case of 1st, 2nd and 4th stations in quadrats being 100 m2 , in the case of 3rd 
station in a quadra t being 16 m2.) 
1st Station: 50-year -o ld Sco tch p ine c o m m u n i t y . T h e w o o d has a doub le fores t c a n o p y . 
T h e whole closing of the forest c a n o p y is 75 °/o. 5 0 ° / » of this p e r c e n t a g e a r e d u e t o t h e 16 m 
high Scotch pines, 25 %> to the a b o u t 5 m high Quercus petrea t rees t h a t f o r m the l o w e r f o r e s t 
c a n o p y . T h e t w o fores t canopies near ly meet . T h e cove r ing of t h e 3 m high s h r u b - l a y e r is 
45°/o. M o r e i m p o r t a n t species a r e : Carpinus be lulus, Ligustrum vulgare, Quercus cerris a n d 
Rubus sp. T h e g r o u n d vegeta t ion is of w e a k g r o w t h , its cove r ing being a b o u t 25°/o. As t o 
MICROCLIMATE OF S C O T C H PINE AND BLACK PINE 3 3 
I C D - 1 . 
E3-3. 
I O - 1 » . 
\ > v . 
Figure 1. Spac ing o u t of microcl imate s ta t ions 
1 = 50 y e a r old Black pir.e c o m m u n i t y 
2 = 8 yea r old Scotch pine c o m m u n i t y 
3 = 50 yea r old Scotch pine c o m m u n i t y 
4 = 3 yea r old Scotch pine c o m m u n i t y 
K = C e n t r e of microcl imate measur ing 
I — I V = Microc l imate stat ions 
its combina t ion it is tha t , character is t ic f o r Querceto Petreae—Carpinetum iransdanubicum, 
and so is the g round vege ta t ion of the o the r s tat ions. More i m p o r t a n t species a r e : Brachypodium 
silvaticum, Viola silvestris, Fragaria vesca, Mycelis muralis. T h e moss layer is ve ry weak , its 
cover ing being a l toge ther 2 % . 
2nd Station: 8 -yca r -o ld Scotch p ine p lan ta t ion . T h e height of the c o m m u n i t y is abou t 
2 m, cover ing 80°/o. For t h e greater pa r t it consists of Scotch pine, in a smal ler percent of 
Black pine. As n a t u r a l supp ly young trees or seedling p lan ts of Carpinus betulus a n d Tilia 
platyphyllos a rc t o be f o u n d . 
T h e g round vege ta t ion is compara t ive ly rich, 26 species are present . T h e most i m p o r t a n t 
of them i r e : Agrostis tenuis, Festuca sulcata, Sieglingia decumbens, Satureja silvatica. 
C o v e r i n g of t h e moss layer 5 % . 
3rd Station: A b o u t 12 m wide cu t t ing th rough . Cover ing of t h e grass layer 9 5 % . O u t 
of these only 1 0 % a r e due t o the upper grass layer , the height of which is 40 cm. T h e height 
of the lower grass layer is 10—12 cm. It is very rich in species; there a r e 32 of them. T h e 
most impor t an t ones a r e : Festuca sulcata, Agrostis tenuis, Plantago lanceolata, Achillea mille-
folium, Leontodon autumnalis, Centaurea pannonica, Sieglingia decumbens. 
T h e moss layer is very rich, i ts cover ing is 60°/o. 
4th Station: 50-vear -o ld Black p ine forest . H e i g h t of fores t c a n o p y 14 m, cover ing 7 0 % . 
6 0 % are due to Black pine, 1 0 % to Scotch pine. Al l the dec iduous trees are t o be f o u n d in 
the shrub layer ; cover ing 2 5 % . More i m p o r t a n t species a r e : Carpinus betulus, Quercus petrea 
and Q « . cerris, Frangula alnus, Ligustrum vulgare, sporad ica l ly Juniperus communis. T h e 
cover ing of the g round vege ta t ion is 8 5 % ; rich in species, 25 genera a r e to be f o u n d . 
3 
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In respect t o its c o m b i n a t i o n this w o o d is v e r y s imilar to the Scotch p ine w o o d , bu t it 
makes a s igni f icant d i f f e r ence t h a t here are t o be met w i t h Dryopteris filix-mas a n d Galium 
rotundifolium. T h e la t ter has p r o b a b l y been impor t ed w h e n t h e trees were p l a n t e d . A n o t h e r 
d i f f e rence compared to the Scotch p ine fores t is the c o m p a r a t i v e l y r ich moss l ayer , t h e c o v e r -
ing of which is 30°/o. 
Results and Discussion 
We state our results and appreciate them regarding the respective m w r o -
climatological factors in the following. 
If we compare the values of the relative vapour contents, the modera t ing 
influence of the forest is evident (3,10). While the daily extreme values are 
34 and 1 0 0 % in 150 cm height at the 3rd station, on lawn, the daily min imum 
in the 50-year-old Scotch pine forest is 53%, the maximum 9 5 % . The 8-year-old 
plantation stands in respect to the relative vapour contents between the two, as 
the extreme values at 150 cm are there 44 and 100%. 
In the 50-year-old Black pine forest the daily al teration of the relat ive 
vapour content is nearly the same as in the Scotch pine forest. But the ampl i tude 
is somewhat bigger. While we measured in the Scotch pine forest in the course 
of 24 hours only once 1 0 0 % relative vapour content, a t 4 a. m., in the Black 
pine forest we had f r o m 3—6 a. m. 1 0 0 % vapour content on the same level and 
even on the 50 cm.level 9 9 % . 
In the 8-year-old Scotch pine plantat ion the values of relative vapour 
content point to a double active surface: in about 150 cm height, where the 
community is most closed, and on the soil surface. The highest extrem values are 
to be found between these two levels in about 50—70 cm height. Of the t w o 
active surfaces the upper one seems to be the more significant; this is shown e. g. 
by the fact that in the dayt ime the relative vapour content diminishes in the 
plantat ions f r o m the top of the trees downwards . 
Figures 2 and 3 show the relative vapour content conditions in isoplethe 
representation, on the base of 24 hours of continuous observation. (The observa-
tions took place f rom noon September 8, 1959 till noon September 9; the 
conditions were favourable for microclimatic investigations, the weather being 
clear and calm.) - . 
The vapour pressure values show the smallest ampli tude in the 150 cm 
air-stratum above the ground in the Scotch pine forest. Extrem values are 
6,9—13,8 mm. The next in order is the 8-year-old Scotch pine planta t ion, where 
the extrem values are 5,9—15,0 mm. The 50-year-old Black pine forest shows 
a comparatively big daily change with extrem values of 6,6—15,8 mm. T h e 
amplitude is the biggest in the lawn of the cut t ing through, with 5,7—17,1 m m 
extrem values. t . , 
A last remark in connection with the vapour content of air. In the period 
of examination the daily average of vapour content of the air was, taking in to 
consideration the data of the 3 measure-levels, in the 50-year-old Scotch p ine 
forest 82%, in the 8-year-old 8 3 % , at the cutt ing through 8 0 % , and in the 
50-year-old Black pine forest 86%. I t is striking, that the relative vapour 
content in the Black pine forest is very high on the 10 cm level, 50 cm above 
the ground still 85%, which is about 5 % more than at the other stations. (This 
must be in direct connection with the appearance of ferns.) 
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Figure 2. Re la t ive v a p o u r content of a i r 
a = s ta t ion I. 
b = s ta t ion I I . 
Examining the air temperature values it is obvious that in the 8-year-old 
Scotch pine plantat ion the circumstances are very extrem. A higher extremity 
is only to be noticed in the lawn of the cutt ing through at 10 cm height. 
Respecting the individual stations the following statements can be made: 
In the 50-year-old Scotch pine forest the daily extrem values are in the 
12 m stratum 6,4 and 21 C ° , so the absolute daily temperature ampli tude is 
14,6 C ° . The coolest level is at 150 cm, at the same time it is this layer that 
shows the smallest temperature ampli tude. There is no essential difference 
between the 3 levels we measured. The extrem values are 6,4 and 19,3 C ° , so 
the ampli tude is 12,9 C ° . On the forest canopy in 12 m height, on the other 
hand, even 21 C° were measured, while the minimum was 6,8 C ° , the daily 
ampli tude of temperature 14,2 C ° . 
In the 8-year-old plantat ion the temperature conditions are a great deal 
more extrem. Under the influence of the two active surfaces (the most closed 
layer at 150 cm height and the ground surface), the daily extrem values 
developped at about 100 cm. The minimum temperature on this level was 
3» 
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Figure 3. Re la t ive vapour c o n t e n t of a i r 
a = s ta t ion I I I . 
b = s ta t ion IV. 
2,2 C° , which was the lowest value measured. The maximum at this level was 
25,8 C ° , the absolute daily temperature ampl i tude 23,6 C ° . At 10 and 20 cm, 
on the other hand, the daily ampli tude of temperature is only 19,5, respectively 
19,4 C° , and in the height of 300 cm altogether 17,1 C ° . Of course, the 
temperature conditions are the extremest on the 10 cm level of the cut t ing 
through, where the daily ampli tude is 25,5 C° . The maximum tempera ture on 
the day of the investigation was 20 C° , the minimum temperature 3,5 C ° , so it 
was 1,3 C° higher than at the closing level of the young plantat ion (active 
surface). At 100 and 200 cm the extrem values of temperature are lower, the 
absolute daily amplitude is therefore only 19,1, respectively 18,3 C° . 
I t can be stated that in the 50-year-old Black pine forest the extrem 
values at 100 cm height are nearly 3 C ° higher as in the Scotch pine forest the 
temperature amplitude, on the other hand, somewhat bigger. There is a similar 
but lesser difference in the upper forest canopy layer as well, the absolute daily 
ampli tude is, however, 1 C ° more. This can be explained with the fact tha t 
here the upper forest canopy layer is more closed. 
In connection with the active surfaces it can be ascertained that , respecting 
the two older plantations, in the Scotch pine forest with the double forest 
canopy, which in its total i ty is more closed, there is no act ive surface to be 
found in the understory, though the shrub layer is pretty well closed ( 4 5 % ) . 
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Of the two active surfaces the forest canopy may be considered the pr imary, 
the soil the secondary one. In the Black pine forest wi th the weaker closed 
forest canopy, in consequence of this an active surface is formed on the shrub 
layer, though it is lesser closed (25%) . This surface can be qualified as the 
tert iary surface. 
The conditions of air temperature for the whole cross-section are demon-
strated in isoplethe representation in figures 4, 5, 6, and 7. 
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Figure J . A i r - t e m p e r a t u r e cond i t ions at s ta t ion I I . 
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Figure 6. A i r - a n d so i l - t empera tu re condi t ions a t s t a t ion I I I . 
Figure 7. A i r - t e m p e r a t u r e condi t ions a t s ta t ion IV. 
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Taking the 5 cm level as basis it can be stated concerning the soil tempera-
ture conditions that of all the pine-wood-communities the temperature is most 
balanced and the highest in the 50-year-old Black pine forest. The evenness of 
the temperature is favourably influenced by the moss layer. In the 50-year-old 
Scotch pine forest the soil temperature is lower and it shows a bigger dai ly 
ampli tude. In the 8-year-old Scotch pine plantat ion the soil temperature is 
1—4 C ° higher and correspondingly the extrem values are also higher. The 
daily course of the soil temperature at the cutting through area strikingly 
resembles tha t of the 8-year-old plantat ion but it is 3—4 C° higher. 
T h e temperature conditions of the soil and the air-strata near to the soil 
are shown on figures 8, 9, and 10. 
O n the basis of the valuation of the light conditions, taking the 100 cm 
level as base, it can be stated that the intensity of the incident diffuse light is 
in the morning hours, compared wi th the shade-free cutting through, in the 
50-year-old Scotch pine forest 20, in the 8-year-old plantat ion 60, in the 
50-year-old Black pine forest 3 5 % . The values are about noon in the above 
order 8, 60, respectively 15%, in the late af ternoon hours 32, 85, respectively 
5 0 % . I t is remarkable tha t in the closed 50-year-old forest the light conditions 
are in comparison wi th the treeless free area more favourable in the morning-, 
but especially in the evening-hours than at noon time. The most favourable 
light conditions in the 8-year-old plantat ion were also measured in the evening 
hours. 
A significant difference is to be seen between the light conditions of the 
50-year-old Scotch pine forest and the 50-year-old Black pine forest, those of 
the Black pine forest being the more favourable ones by 3 — 5 0 % . In our 
opinion this may be explained first of all with the fac t tha t in the Black pine 
forest the lesser closed shrub layer has an advantagious influence on the 
quanti ty of d i f fuse light. 
Figure 8. T e m p e r a t u r e condi t ions of the soil a n d the a i r - l aye r n e a r t o i t a t s ta t ion I. 
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Figure 9. T e m p e r a t u r e condi t ions of t h e soil a n d the a i r - l aye r nea r to it a t s ta t ion I I . 
Figure 10. T e m p e r a t u r e cond i t ions of the soil and the a i r - l a y e r n e a r to it a t s t a t ion IV. 
Summary 
In 1959 between 7 and 9 September we carr ied out microc l imato logica l inves t iga t ions in 
the v ic in i ty of Kam in Scotch p i n e a n d Black pine p l a n t a t i o n s of d i f f e r e n t age. In t h e course 
of o u r examina t ions we made , d e p e n d i n g on the he ight a n d closedness of the vege ta t ion , t h e 
fo l lowing measur ings on 3—6 levels: 
a) t e m p e r a t u r e of air (wi th electric ohm-meters ) 
b) t empe ra tu re of soil (wi th mercu ry so i l - thermometers ) 
c) v a p o u r contents a n d v a p o u r pressure of a i r (wi th ASMANN asp i ra t ion Psychromete r ) 
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d) mo t ion o f a i r (wi th anemomete r ) i 
e) l ight (wi th se lence l l -photometer ) . 
The examina t i ons w i th these insruments h a v e been m a d e eve ry 3 0 — 6 0 t h m i n u t e . 
W e sum u p t h e mos t i m p o r t a n t results of o u r examina t ions in the f o l l o w i n g : 
1. T h e microc l imato logica l cond i t ions of young , closed Scotch p ine are ex t r em, especially 
in respect t o the t e m p e r a t u r e of a i r . I n o u r op in ion it w o u | d be possible to successfully restr ic t 
these ext remit ies , by p l an t i ng a t the same t ime fas te r g rowing , less v a l u a b l e species. Such 
a t t empt s we h a v e met in t h e p r ax i s of a f f o r e s t a t i o n . But it needs de ta i l ed examina t ions , t o 
decide h o w close the f a s t e r g rowing species have to be p l an t ed , because they d o no t on ly 
diminish the ex t r emi ty of t h e mic roc l ima te but h a v e a lso an u n f a v o u r a b l e i n f l uence on t h e 
light cond i t ions of t h e p l a n t a t i o n . 
2. D e p e n d i n g on t h e closedncss of t h e forest c a n o p y a n d the shrub layer , the c o m m u n i t y 
develops m o r e t h a n one ac t ive su r f ace which f ac t s ign i f ican t ly in f luences t h e microc l ima-
tological condi t ions . T h e ac t iv i ty of these surfaces , c o m p a r i n g them t o one ano ther , is 
d i f f e r e n t as m a y be conc luded f r o m t h e degree of closing. 
3. T o e x a m i n e the microc l imato logica l condi t ions of low a i r s t r a t a of a closed vege-
ta t ion on m a n y levels is no t i m p o r t a n t ; i t is enough t o m a k e t h e measur ings on the level of 
10 and of 150 cm. O n the o the r h a n d , i t is very i m p o r t a n t to e x a m i n e the shrub layer a n d 
the fores t c a n o p y layer in deta i l , which is not easily p e r f o r m e d as the re are ins t rument 
problems respect ing the measur ing of the re la t ive v a p o u r con ten t s of a i r . T h e endeavou r s of 
Professor R . WAGNER t o f i n d a w a y t o p e r f o r m these measur ings also w i t h electric ins t ruments 
are ve ry i m p o r t a n t . 
T o Assistant A . KOLTAY and t o F e l l o w - W o r k e r P . KAPOSI I express my t h a n k s for their 
successful coope ra t ing a t the microc l imat ica l measur ings . 
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